Introduction
Color and its stability to light are of practical importance for lubricating oils such as spindle oil and process oil used in food, paper, and textile industries1). It is not an exaggerated statement to make that one of the main purposes of refining petroleum products is to improve the color and stability of the refined products.
Sulfuric acid and clay treating processes were traditionally used to improve color and stability of the petroleum products; but, hydrofinishing processes have recently been adopted for this purpose2),3). However, the oil obtained by traditional processes and by hydrofinishing process are quite different. The traditional processes effectively removed polar materials such as oxygenand nitrogen-containing compounds, while the hydrofinishing process is efficient and effective for desulfurization and/or denitrogenation4).
Although the hydrofinishing process has the advantage of not requiring disposal of waste acids and clays, a process such as clay treatment is still needed to produce highly stable insulating oils. 
Relation between Change in Color and Ambient Temperature
In the summer season, the value of transmittance of the sample oil at 440nm decreased rapidly to 17%
when the global solar radiation reached ca. 100MJ/m2
after which it decreased gradually. The change in transmittance was much slower overall in winter as shown in Fig. 2 . Regardless, in both seasons, the amount of insoluble materials increased rapidly in the initial stage of irradiation. In summer the levels reached 0.27mg/goil at 100MJ/m2 irradiation, and increased very slowly thereafter. Likewise in winter, the levels increased, however slightly more slowly. These results show that the behavior of color change with sunlight irradiation was different in summer and winter, suggesting that characteristics of sunlight, (i.e. wavelength, intensity distribution of sunlight) and the temperature during irradiation strongly affected the rate of color degradation of lubricant base oils. Sediments Formed during Sunlight Irradiation Figure 3 shows an example of IR spectrum of the sediments.
Bands around 3000cm-1, and those in the 900-700cm-1 region were assigned to stretching and to bending vibrations of the C-H groups of aromatic compounds, respectively7),8). The absorption peak at 1700 cm-1 and the broad bands at 1300-1200cm-1 were associated with the C=O stretching vibrations and C-O bonds, respectively7), 8) . The peak at 1600cm-1 was assigned to the C=C stretching or to the conjugated unsaturation structure7), 8) . Peaks appearing at 2950-2700, 1450, and 1370cm-1 were due to the alkyl groups substituted to aromatic compounds7),8). Absorbance at 3650-3050cm-1 was characteristic of hydroxyl or carboxyl groups8). Any peaks associated with such oxygen-containing groups were not observed in the IR spectrum of the original sample. These results imply that sediments comprised mainly of aromatic and naphthenic compounds with carbonyl, carboxyl, and hydroxyl groups. In addition, peaks relevant to nitrogen-containing groups were not detected in the IR spectrum of the original sample nor in that of the sediments.
Thus, a low concentration of nitrogen compounds may be speculated in the original sample as well as in the sediments, although no elemental analysis was made in this study.
The results observed indicated that color degradation and formation of sediments by sunlight irradiation proceed via incorporation of oxygen into aromatic and naphthenic compounds in the sample, which was hydrotreated followed by dewaxing.
In preliminary experiments, a solution of toluene containing 1wt% of benzo[a]pyrene was irradiated by sunlight. The relative transmittance of the solution decreased to 25% and sediments were formed when the global solar radiation reached ca. 40MJ/m2. The peaks assigned to C=O and C-O were detected in the IR spectrum of the sediments.
No significant change in transmittance, however, was observed and no sediments were formed when the toluene in the solution was exposed to sunlight. Therefore, these facts strongly support the idea that photo-oxidation of such polynuclear aromatic hydrocarbon as benzo[a]pyrene is directly related to color degradation.
3.3.2.
Change in Fluorescence Emission Spectra Figure 4 shows fluorescence spectra of sample oils. It is noticeable that the intensity of the peaks of the irradiated sample drastically decreased in comparison with that of the original oil, indicating that components that emit fluorescence spectra may be key species that cause color degradation by sunlight.
Judging from the boiling range of the sample oil, higher alkenes or polynuclear aromatic compounds with three to five fused-rings may be the most feasible components of fluorescence spectra. Of these, polynuclear aromatic compounds, which are frequently formed during severe oil hydrotreating, are considered to be responsible for color instability6). Thus, it is highly likely that such compounds cause sediment formation in the oil. 3.3.3.
Effect of Dissolved Oxygen in the Sample Oxygen is incorporated in the sediments as carboxylate, carbonyl, and hydroxy groups as discussed in 3.3. 1. In order to elucidate the effect of dissolved oxygen, a degassed sample (sample II) was prepared, and color degradation behavior was compared with that of the original oil as received (sample I). Sample II was prepared by removing the dissolved oxygen (air) from the original oil by freeze-pumping and thawing, each repeated 6 times. Both samples were then exposed to sunlight under the same conditions.
Neither a significant change in color nor a significant change in the formation of sediments was detected in sample II while the 
Conclusions
(1) The color of the lubricating base oil turns from pale yellow to dark brown, and the amount of sediment formed increases with sunlight irradiation. The behavior of color degradation is different depending on the season of irradiation and on ambient temperature. (2) It can be concluded that color degradation of lubricating base oils in the sunlight proceeds when the oils contain both dissolved oxygen and fluorescent components such as polynuclear aromatics. 
